Background: To identify the optimum culture conditions by investigating isolated rat hepatocytes cultured in medium containing different growth factors.
INTRODUCTION
Acute liver failure is defined as the rapid development of hepatocellular dysfunction, specifically coagulopathy and mental status changes, in a patient without known prior liver disease (1) . Despite advances in multidisciplinary intensive care management for acute liver failure, the mortality rate is higher than 40%∼80% and liver transplantation remains the only definitive treatment(2,3). However, not all patients with acute liver failure are able to receive timely liver transplantation because of an insufficient number of donor organs (4) . Although the mortality rate of acute liver failure is high, patients that do recover generally do so without any sequelae (5) . Therefore, alternative treatments that can provide at least temporary liver support are necessary until spontaneous recovery or a suitable liver donor becomes available.
Hepatocyte transplantation has been investigated as an alternative treatment for acute liver failure, some inborn metabolic deficiencies, and liver cirrhosis patients (6, 7) . Hepatocyte transplantation has several advantages over whole-liver transplantation (8) . First, hepatocytes from a single donor may be transplanted into several patients. Second, hepatocyte transplantation is less invasive than whole-liver transplantation and can be performed repeatedly. Third, if cryopreserved or cultured hepatocytes are used, the timing of hepatocyte transplantation is less critical than that of wholeliver transplantation. Fourth, Hepatocyte transplantation may provide support to the liver during regeneration of the native liver, with the aim of avoiding whole-liver transplantation(9).
However, several challenges remain for the clinical application of hepatocyte transplantation (10) . The quality of the hepatocytes is key. The techniques used for isolation and culture of hepatocytes, cryopreservation, and the engraftment of transplanted hepatocytes were investigated from the perspective of clinical application. We reviewed the literature on hepatocyte culture methods using hormones and growth factors to evaluate the long-term survival of isolated hepatocytes and their preservation without affecting function (11) . Factors affecting survival and preservation include insulin, glucagon, corticosteroids, thyroid hormone, epidermal growth factor (EGF), nerve growth factor, and fibroblast growth factor. The aim of our study was to establish the fundamental basis of hepatocyte transplantation for clinical application. We determined the ideal culture conditions by investigating isolated rat hepatocytes cultured in media containing EGF and/or insulin.
MATERIALS AND METHODS

Experimental animals and operation
Male Sprague-Dawley rats weighing 200∼250 g were maintained in a controlled environment with continuous 12-hour light/dark illumination cycles, 25 o C ambient temperature, and 40% humidity. All experiments were performed after obtaining approval from the Ethics Committee for Animal Experimentation, and the guidelines for animal experimentation were followed under their supervision. 
Two-step perfusion of the rat liver
Hepatocytes were isolated by the two-step perfusion method, as described by Seglen(12 of the perfused liver were observed. Upon completion of the perfusion, the liver was disconnected from the perfusion apparatus and the liver was resected (Fig. 1) .
Purification of rat hepatocytes and determination of cell viability
The resected liver was transferred to a plastic petri dish The culture medium was exchanged on days 3, 7, 10, and 14.
Experimental groups
Experimental groups were classified according to growth factor supplement. A total of six rats were experimented.
Isolated hepatocytes from a rat divided into four groups according to the experimental groups. On day 0 of hepatocyte culture, EGF (SRP3238, Sigma-Aldrich) and insulin (I9278, Sigma-Aldrich) were added according to the experimental group. In the EGF group, 500-ng EGF were added to 10-mL culture medium, and in the insulin group, 0.1-mg insulin was added to 10-mL culture medium. To the EGF+insulin group, identical amounts of EGF and insulin were added to 10-mL culture medium. No growth factor or hormone was added to control medium. EGF and insulin were added each time the culture medium was exchanged; i.e., on days 3, 7, 10, and 14.
Evaluation of cultured rat hepatocytes
The cultured rat hepatocytes were morphologically and functionally evaluated at 3, 7, 10, and 14 days.
1) Viability
The viability of the cultured rat hepatocytes was determined using a hemocytometer and the trypan blue exclusion test on days 3, 7, 10, and 14. Cells stained by trypan blue Viability (%)=viable cell count (unstained cell count)/total cell count(stained cell count+unstained cell count)×100.
2) Cultured hepatocyte function
The concentrations of albumin, ammonia, and urea in the culture medium were measured at 3, 7, 10, and 14 days. 
3) Histologic assessment
The morphology of cultured rat hepatocytes was exam- 
RESULTS
Viability
Although viability increased gradually in all groups over time, the increases in the growth factor groups were slightly greater than that in the control group, albeit not sig- EGF+insulin groups on day 7 were significantly greater than on day 3 (P＜0.001). The viability in all growth factor groups was highest on day 10 and had decreased slightly by day 14. There were no significant differences among the growth factor groups (Fig. 3 ).
Cultured hepatocyte function test
The concentrations of albumin, ammonia, and urea in the culture medium were measured to assess hepatocyte function (Fig. 4) There were no significant differences among the growth factor groups.
Urea levels differed significantly among the groups (F [3, 20] =3.311, P=0.041). Although the urea levels decreased gradually over time in all groups, the urea level in the EGF+insulin group was significantly different from that in the control group (P=0.043). Urea levels decreased gradually over time in the order EGF+insulin group, insulin group, EGF group, and control group.
Histological assessment
Histological examination indicated that the typical shape of hepatocytes; i.e., round nucleus, prominent nucleoli, and polygonal cytoplasm, was maintained in all groups after 3 days in culture. On day 7, although the cytoplasm of the cultured hepatocytes in the control group was transformed into a spindle shape, cellularity was more abundant and the cell-to-cell interaction stronger in the growth factor groups.
On day 10, the transformation of cytoplasm into a spindle shape was exaggerated in the control group, whereas hepatocyte shape was well maintained in the growth factor groups. On day 14, the typical characteristics of hepatocytes could no longer be observed in the control group, and the cytoplasm in the EGF and insulin groups was transformed into a spindle shape. In the EGF+insulin group, the hepatocyte shape was maintained, but the cellularity was scarcer (Fig. 5) .
On day 3, immunofluorescence staining for albumin in the cytoplasm was intense in all groups, with stronger staining in the growth factor groups than the control group.
However on day 7, only weak staining was detected in all groups, with a greater reduction in the control group. There was no staining by day 10 in all groups (Fig. 6 ). que has been adopted widely and was used in our study.
DISCUSSION
For successful hepatocyte transplantation, hepatocytes should have a viability ＞60% with no microbial contamination, and the metabolic functions of hepatocytes should be maintained. A sufficient quantity of hepatocytes should also be obtained for transplantation (21) . In our study, we employed the modified Seglen's method as the hepatocyte isolation technique; the viability of the isolated hepatocytes was ＞80%.
Considerable research on the isolation and culturing of primary hepatocytes of high quality has been carried out (11, 20) . In particular, researchers have attempted to identify the ideal culture environment for primary hepatocytes.
In 1976, Richman et al. (22) were the first to report a prominent role for EGF in promoting hepatic DNA synthesis by acting in concert with insulin and glucagon. Thereafter, many studies have aimed to identify the essential factors for triggering hepatocyte proliferation. McGowan et al. (23) suggested that EGF in combination with insulin and glucagon alters the morphological characteristics of the cells during the early stages, promoting spreading and aggregation.
Numerous growth factors and hormones are involved in hepatocyte regeneration, but more research is required to reveal the exact mechanism; e.g., the role of pancreatic hormones, such as insulin and glucagon, and EGF in the regeneration of hepatocytes. Michalopoulos and DeFrances (24) categorized the factors involved in hepatocyte proliferation as "complete hepatocyte mitogens" and "comitogenic growth factors." According to this classification, EGF is a complete mitogen, and insulin a comitogen.
In our study, we added EGF and insulin as growth factors and hormones to the culture medium as follows: (1) 
CONCLUSION
Our results suggested that culture medium containing EGF and insulin was superior to non-supplemented medium in terms of hepatocyte culture. Morphological and functional assessments indicated that the function and morphology of hepatocytes cultured in the presence of EGF and insulin could be maintained for 10 days. Further studies of culture media supplemented with other growth factors and hormones are necessary to identify the optimal culture conditions.
